There is a strong correlation between the net mass balance and the height of the equilibrium-line altitude (ELA). Because of the high amount of superimposed ice (10-30% of winter balance) stake readings are necessary to find the ELA. There is no sign of climatic warming through increased melting. The trend analysis of the data from the last 20 years shows stable conditions with a slight increase of the winter balance. The net balance is then slightly increasing and thus less negative than 20 years ago.
INTRODUCTION
Mass-balance data from extreme high latitudes are sparse. According to the World Glacier Monitoring Service (1988) statistics for 1980-85 only Meighen Island (79 ° 57' N) and Devon Island (75 °25' N) ice caps in north Canada and Bmggerbreen and Lovenbreen (78 53' N) in Svalbard are measured north of 70 oN. In this paper results of the long time series of measurements in Svalbard are presented. Since 1967 detailed annual mass-balance measurements using the direct glaciological method (stakes and pits) have been carried out on Bmggerbreen and Lovenbreen in the Kongsfjord area in the north-west of Spitsbergen (Fig. I) . On Finsterwalderbreen in central south Spitsbergen net mass balance has been measured every second year since 1950. Soviet mass-balance investigations have been carried out on different glaciers mainly in central Spitsbergen during the period 1973-86.
SVALBARD
Svalbard is a &,roup of islands between lat. 76 oN and 81 oN, and long . 10 E and 35°E (Fig. I) . The total area is about 63000 km 2 ;
60% is covered by glaciers. In the western areas of the archipelago small cirque glaciers are numerous. In central parts the glaciers mainly consist of large continuous ice masses divided into individual ice streams by mountain ridges and nunatak areas. In the eastern areas, where the landscape is fairly flat, large ice caps are located.
Ice-free land areas have continuous permafrost with thickness varying from less than 100 m near sea-level up to 500 m in the higher mountains (Liest0l, 1977) .
The glaciers are polar and subpolar. Unfrozen taliks are found below higher and central parts of many glaciers. In front of these glaciers water escapes during the whole winter and large ice masses are formed.
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,.. The glaciers were close to their late Holocene (Little Ice Age) maximum extension as late as the end of the 19th or beginning of the 20th century. As in the rest of the world, a general shrinkage of the glacie rs has occurred during the first half of the 20th century.
Temperature records are available from Svalbard since 1912. At Ny-Alesund weather station close to the investigated area the mean year temperature is -6.0°C . The summer months have mean temperatures above zero, June 2. l o C, July 5.2°C, August 4.1 °c and September O. loC. Even the highest areas of the glaciers at about 800 m a.s.l. have some days with temperatures above zero and surface snow melting.
MASS-BALANCE INVESTIGATIONS
In 1950 the Norwegian Polar Research Institute started the first systematic mass-balance studies on Finsterwalderbreen on the south side of Van Keulenfjorden (Fig. I ) . There were expeditions by the Polar Institute to Svalbard every seco nd year from 1950 to 1966. The refore we only have net mass-balance data given as mean values for every second year in this period. Since 1966 there have been annual expeditions to Svalbard . In 1966 investigations were started in the Kongsfjord area on Br0ggerbreen, and a year later on Lovenbreen. Both accumulation and ablation have bee n measured every year since by the direct g lac iol ogical method: snow so unding profiles, pits and stake readin gs. Accumulation maps have been drawn on the basis of the so undings . Accurate surveys of the ablation stakes have been carried ou t regularl y to get longitudinal surface profiles for co ntrol of the mean net balance.
Soviet gl~c iologists started systematic annual massbalance measurements in 1966 on Voringbreen in Gr0nfj o rden . In the years 1973-76 they extended the program to three other glaciers on central west Spitsbergen a nd one o n the east coast (Fig. I) .
RESULTS FROM BR0GGERBREEN AND LOVENBREEN

Winter accumulation
Precipitation in Svalbard is normally small. At th e me teorol og ical stations it used to be 200-400 mm a -I with max imum in August/ September and minimum in April-June (Steffen se n, 1982). Reliable measurements of precipitation a re diffi c ult because most of it comes in connection with strong winds and snow drifts. In Ny-Alesund the meteorological station is situated only 5-{; km from the ce ntral area of the glaciers. However, the correlation between meas ured winter precipitation from September to June at the station and snow accumulation measured by so unding profiles over the entire glacier surface is low. During the 14-year period 1974-75 to 1987-88 the correlatio n coefficient was 0.63.
Mean winter accumulation on Br0ggerbreen during the period 1967-88 is 0. 7 1 ± 0.16 m in water equivalent and on Lovenbreen 0.73 ± 0. 18 m . As can be seen in Figure 2 and Table I, In addition to the snow precipitation measured on th e stakes superimposed ice gives a significant additional accumulation. Superimposed ice is formed at the snow-ice interface when mild weather or rain soak the snow. This may happen after the first snow fall during the autumn and during the whole summer. The amount of this superimposed ice comes as an additional accumulation and was 0. 10 to 0.20 m on average (Lies10l, 1975; Wold, 1976) , i.e. 10-30% of the total snow accumulation. Tre nd analysis of th e measured winter balance shows stable conditions or a very slight increase of the winter accumulation.
Summer ablation
During the observation period (1967-88) the mean summer balance has been 1.14 ± 0.29 m year-l water equivalent on Br0ggerbreen and 1. If we introduce melting degree days (MOD), the cumulative sum of daily above freezing mean temperatures , for the whole summer season we get a larger correlation coefficient and better regression equation: b s = 0.0046· MDD 6 _ 9 -0.6259 with r = 0.88. (2) As can be seen from the altitudinal variations of the net balance (Fig. 4) the ablation near the snout of the glaciers is very high. In the level 100-150 m a.s.!. the ablation is twice as high as in the level 200-250 m. Wind drift causes low accumulation on this part of the glaciers and thus low albedo early in the melt season. In addition the lower parts of both glaciers are exposed to prevailing wind transport in and out the fjord in the main valley.
There is no sign of increased melting. The trend for the whole period is very stable. Further statistical analysis of the mass-balance data versus climatic factors are given in Lefauconnier and Hagen (this volume) . 
Net balance
The glaciers are not in balance with the existing climate; summer ablation has been greater than winter accumulation nearly all observed years, resulting in steady decreasing ice masses. Annual values for both glaciers are given in Table I and illustrated for Br0ggerbreen in Figure  2 . The mean annual specific net mass balance is -0.46 m water equivalent on Bf0ggerbreen and -0 .37 m on Lovenbreen .
Cumulative net balances are shown in Figure 5 . The total mass loss since the balance year 1967-68 was 54 x 10 6 m 3 and 40.5 x 10 6 m 3 respectively, which corresponds to an average lowering of the surface of 8.9 and 7.5 m. That is more than 10% of the total volumes.
Only one balance year, 1986-87, had positive net balance during these twenty years, respectively +D .22 m and +0 .24 m for the two glaciers, due to the extraordinary cold summer of 1987.
Based on air photographs from 1977, a glacier map was constructed on the scale I : 20 000 with contour intervals 10 m. One of the stakes was surveyed in 1985. The vertical difference at this point of the glacier surface was then 5.20 m from 1977 to 1985. The measured cumulative net balance during the same period was 4.95 m in water equivalents which is 5.50 m of ice. The direct measurements on the map thus agree well with the sum of the annual mass-balance figures.
Ice-mass transport down the glacier is much less than ablation in the lower part. Thus the surface gradient gets steeper year by year. This may result in a surge after some years.
RESULTS FROM FINSTERWALDERBREEN
In the years 1950 to 1968 the Finsterwalderbreen was visited every second year. It was therefore only poss ible to obtain balances for two-year periods . The measurements were finished in the middle of August. Melting at the end of the ablation periods is therefore added to the following two years' balance. The results are given in Table 11 .
Only two of the periods show positive balance; the result was therefore a decrease of the glacier volume. The mean annual deficit was -0.25 m water equivalent, which gives a total loss of -4.55 m from 1950 to 1968. As the velocity below 300 m a.s.l. is negligible, the lowering of the surface here is almost the same as the net balance.
In the balance year 1973-74 winter and summer balance were measured in addition to the net balance. The 
R ESUL TS FROM SOVIET MEASUREMENTS
Soviet mass-balance investigations are given in Table III (Gus'kov , 1983 ; personal communication from Troitskiy). Locations of these glaciers can be seen in Figure I The activity index is the balance gradient near the equilibrium line . This index (6b n / 6z) is nearly constant for each glacier and thus gives a strong relationship between the net balance (b n ) and the ELS (zela) ' This has been shown on different temperate glaciers elsewhere , e.g . on Storbreen in Norway (Liest01, 1967), Storglaciaren in Sweden (Sch ytt, 1981) , and Peyto Glacier in Canada (Young , 1981) . Kuhn (1981) 
Both lines are shown in Figure 8 . The measurements showed that the mean ELA is 417 m a.s.l. on Br0ggerbreen and 399 m a.s.l. on Lovenbree n during the 20 years of observations.
Equations (3) and (4) give equilibrium lines for zero net balance at 246 and 284 m a.s.! ., respectively (Fig. 6 ). This balance could be obtained if the MDD sum was lowered from 390 to 290, which correspondin&, to a lowering of mean summer temperature by about J C. The sa me balance could be obtained by about 50% high winter precipitation. When the snow pack is melting away the superimposed ice is visible in the zone below the transient snow line. The altitude of the transient snow line may be far above the actual ELA , and the altitude difference varies as the amount of superimposed ice varies. Thus we need stake readings to find the elevation of the equilibrium line. When this elevation is found the net balance of the glacier can be calculated from the regression Equations (3) and (4).
Net balance was a little less negative on Lovenbreen than on Br0ggerbreen . This is probably mainly because the average elevation is a little higher on Lovenbreen, 340 m a.s.l. versus 3JO m a.s.l. Thus the winter accumulation is slightly higher and the summer ablation slightly lower.
Both the Norwegian and the Soviet mass-balance measurements, except on Finsterwalderbreen (33.8 km 2 ), have been carried out on relatively small (c. 6 km 2 ) glaciers close to the coast. The main parts of these glaciers are below 500 m a.s.l. On large glaciers and ice caps only sporadic measurements have been carried out for single years. Recent investigations on Kongsvegen (Hagen, 1988) indicate that these glaciers covering higher areas are closer to steadystate balance than the small ones. In the balance year 1987-88 the net balance on Kongsvegen was -0.05 m while it was -0.50 m on Broggerbreen. The equilibrium-line altitude was at 520 m and at 450 m. The importance of the area distribution can be seen from Figure 7 . The mean altitude on Broggerbreen is 310 m a.s.l. while it is 560 m a.s.l. on Kongsvegen.
The climate Temperature recordings in Svalbard started at Green Harbour in 1912. The most striking in this series is the rapid increase of winter temperature from 1912 to 1920. This is in good agreement with recordings in northern Scandinavia and the northern hemisphere. The summer temperature increase in 1912-20 however was less pronounced . The five-year running mean summer temperature (July-September) in Longyearbyen has been fairly stable since 1920 and fluctuated between 4 ° and 4.5 ° C (Fig. 8) .
The greenhouse climate effect is expected to increase the global temperature during the next decade. In polar regions this effect is expected to be largest and possibly first observable . Different models all conclude with a temperature increase of 6 ° to 8°C in polar regions within 40 years . Even with the lowest expected increase this means +0.15°C per year.
Increased temperature results in higher evaporation and thus higher precipitation. On a global scale some models predict this effect to cause 7-11% higher annual precipitation within the next 40 years, mainly in the tropics. However, an increase of about 5% of the winter precipitation in the Svalbard area will compensate only for a mean increase of the summer temperature of about O.loC. Higher evaporation will increase the cloudiness and thus decrease the short wave incoming radiation and increase the long wave radiation balance.
Increased glacier melting is one of the easiest measurable effects of temperature rise. However, many climate models predict annual temperature increase and less seasonal temperature differences . An increase in the winter temperature has a minor effect on the summer ablation. The main effect of a temperature increase on the glaciers is thus the increase in the summer temperature, or the total MDD sum.
As far as we can see from twenty years of massbalance measurements in north-west Spitsbergen there is no indication of increased mass loss/ melting rate on the glaciers. The glaciers have had a steady decrease in volume with negative net balance nearly all years. The only trend is a slightly lower negative net balance due to a small increase of the winter accumulation .
